A review of 392 cycles of in-vitro fertilization (IVF) was carried out in order to identify whether any factors such as sperm concentration at insemination, sperm motility or morphology, oocyte grading, number of oocytes retrieved, patient age, follicular stimulation protocols or duration of follicular growth, could be associated with the incidence of polyploidy or completely failed fertilization. The majority of polypronuclear fertilizations occurred in mature oocytes and in patients <37 years of age and the incidence of polyploidy was strongly associated with fertilization and pregnancy rates. Fertilization rates were highest with mature oocytes. A significant linear trend was observed with failed fertilization and sperm concentration, morphology and motility. High rates of failed fertilization were found in patients >37 years of age and with one to five oocytes retrieved. No significant difference was seen in stimulation protocols and oocyte grading between oocytes that fertilized and those that did not. Cycles with good sperm morphology and motility, the presence of mature oocytes, the retrieval of a large number of oocytes and younger maternal age seem to provide the best chance for IVF success.
Introduction
Polyspermic fertilization has been reported to increase from 2.8 to 8.4% as the number of spermatozoa in the insemination medium increases (Englert et ai, 1986) . One study (Plachot et al., 1988) found that stimulation with human menopausal gonadotrophin (HMG) was associated with a lower polyploidy rate (2.4%) compared with a gonadotrophin releasing hormone analogue (GnRHVHMG rate of 7%. A complete lack of fertilization seems to occur in 10-15% of cycles (Liu and Baker, 1994) . Both of these occurrences after insemination reduce the number of normal embryos for transfer and decrease the chance of success of in-vitro fertilization (TVF). While sperm and oocyte defects are believed to play a major role in abnormal or failed fertilization, other factors such as the number of oocytes retrieved, patient age, stimulation treatment 614 and duration of follicular growth may have some predictive value, identifying those patients who might have a better outcome with IVF. The aim of the present retrospective study was to examine the sperm and oocyte characteristics, patient age, stimulation protocols and duration of stimulation in couples undergoing IVF, in order to determine whether any of these factors is associated with polyspermy and failed fertilization.
Materials and methods
The data in this report were derived from 392 consecutive IVF treatment cycles performed between April, 1992 and March, 1993 at Chedoke-McMaster Hospitals, Hamilton, Ontario, Canada. Follicular stimulation was achieved with daily s.c. injections of 1 mg luteinizing hormone-releasing hormone analogues (LHRHa), plus Pergonal HMG or Metrodin, follicular stimulating hormone (FSH) (all from Serono Labs, Norwell, USA), starting at a dose of 150 IU on day 3, with dose adjustments according to individual response. Follicular growth was monitored by daily measurements of serum oestradiol and ultrasonography of the ovaries. Human chorionic gonadotrophin (HCG, 10000 IU, Profasi, Serono) was given when at least two leading follicles were >18 mm in diameter and serum oestradiol was >5000pmol/l. Oocytes were retrieved vaginally under ultrasonographic guidance 36 h following HCG administration. Oocyte were graded according to the criteria of Veeck et aL (1983) , using ranges from G2 to G5 with G5 being the best mature oocyte.
Semen was collected after oocyte recovery and analysed according to World Health Organization (WHO) criteria (1992) . Spermatozoa for insemination were prepared by isolating a motile sperm fraction using either a swim-up procedure or discontinuous Percoll gradient centrifugation. The isolated spermatozoa were again evaluated for total number of motile spermatozoa, percentages of normal morphology and progressive motility. Five hours after oocyte recovery and depending on the initial semen analysis, 50 000, 100000 or 500 000 motile spermatozoa were added to each oocyte. Fertilization as assessed by the presence of pronuclei, was determined 18-22 h later. Polypronuclear fertilization was defined as the presence of three or more pronuclei.
Statistical analysis of the rates of polyploidy and completely failed fertilization was performed by x 2 or Fisher's exact probability test Linear regression analysis was undertaken to detect any relationship between the fertilization rate and other variables. On the basis of fertilization rates, four groups (0, 10-35, 35-65 and 65-100%) were identified. Differences between the groups were evaluated by oneway analysis of variance with Duncan's multiple range test Significance was defined as P < 0.05. Logistic regression was used to determine the relative significance of polyploidy.
Results
Out of 392 cycles (2628 oocytes recovered), 51 (294 oocytes) showed no fertilization of oocytes in vitro. This accounted for Values in parentheses are percentages. *P < 0.0001 using x 2 test for trend. G4 oocytes had significantly higher polyploid embryos, failed fertilizations and normal fertilizations.
13.0% of the total cycles and 11.2% of the total oocytes recovered. Polypronuclear fertilization occurred in 74 oocytes from 52 cycles which represented 13.3% of all cycles and 4.7% of the total 1581 embryos obtained.
The relationships between sperm concentration, percentages of normal morphology and progressive motility in the insemination medium on polyploidy and failed fertilization are shown in Table I . Polyploidy was not associated with any of the three sperm characteristics examined. Significantly higher rates of failed fertilization cycles were found using spermatozoa with lower percentages of normal morphology or progressive motility and high sperm concentration.
The majority of polyploid embryos were derived from mature oocytes and only 21.5% of polyploid fertilization occurred in immature oocytes with gradings of G2 and G3 (Table II) . Failed fertilization also occurred in a majority of mature oocytes. Oocyte grade was not significantly correlated with failed fertilization when compared with cycles in which at least one oocyte fertilized.
Follicular stimulation protocols, follicular growth period, oocyte number retrieved and patient age were also tested for their association with polyploidy and failed fertilization (Table HI) . No significant differences in the rates of polyploidy and failed fertilization were observed between LHRHa/HMG and LHRHa/FSH follicular stimulation protocols. The length of the follicular growth period before administration of HCG in the stimulated cycles was calculated as a parameter of follicular growth rate (Doody et al, 1987) . The follicular growth rate was not significantly correlated with either polyploidy or failed fertilization. Complete absence of fertilization was significantly more common in patients with one to five oocytes retrieved as compared with patients with six to 10 and >10 oocytes retrieved. In contrast, no significant difference in polyploidy was observed among the cycles with different numbers of oocytes recovered. A significant increase in failed fertilization occurred in patients over 37 years of age when compared with younger patients. Conversely, polyploidy in the older patients was significantly lower (0.6%) than that in younger patients (mean = 5.0%). A comparison of fertilization and pregnancy rates between cycles with and without polypronuclear fertilization is shown in Table IV . Logistic regression of the data indicated that polyploidy was a good predictor of pregnancy. The cycles with polypronuclear fertilizations were then matched with an equal number of cycles with normal fertilization according to patient age, oocyte number recovered, sperm characteristics and number of embryos transferred. Fertilization rate was significantly higher in the polyspermic cycles than in the controls. In the 52 polyspermic fertilization cycles, there were five cycles with no transfers and 13 clinical pregnancies in the other 47 transfer cycles. The difference in pregnancy rates per embryo transfer between these two matched groups was not statistically significant The positive predictive value for polyploidy and pregnancy rate was 72.3%, negative predictive value 19.1%, sensitivity 47.2% and specificity 45.0%. When the fertilization success rates were divided into four groups and tested for correlation with all the different factors, several interesting observations were made (Table V) . A significant difference in sperm characteristics was found between the groups. The highest percentages of progressive motility and normal morphology of sperm and the lowest sperm concentration were found to be associated with the highest (65-100%) fertilization rate. This group also had the highest pregnancy rate, 20%, per embryo transfer. The mean number of immature oocytes and number of oocytes recovered were significantly higher in the group with 10-35% fertilization as compared with other groups. The mean age of patients in the failed fertilization group was significantly older than that in groups with fertilization. Follicle growth rate and folhcular stimulation protocols were not significantly different between the four fertilization groups (data not shown).
The correlations between other factors and the fertilization rate were as follows: sperm concentration at insemination (r = -0.129, P < 0.01), percentage of progressive motile sperm (r = 0.123, P < 0.01), percentage of morphologically normal sperm (r = 0.131, P < 0.01), mature oocytes (r = 0.524, P < 0.001), number of oocytes retrieved (r = 0.572, P < 0.001), patient age (r = -0.201, P < 0.001), duration of folhcular growth (r = 0.108, P > 0.05), follicular stimulation protocol (r = 0.041, P > 0.05) and polyspermic fertilization (r = 0.316, P < 0.001).
Discussion
It has been suggested that a large number of motile spermatozoa surrounding the oocytes in FVF as compared with the low concentration of spermatozoa at the site of fertilization in vivo could result in a higher rate of polyploidy (Van der Ven et aL, 1982; Wolf et aL, 1984; Englert et aL, 1986; Dandekar et aL, 1990) . Other workers (Diamond et aL, 1985) including ourselves (Younglai and Daya, 1991) could not confirm this.
Results in the present study confirm our previous observation and further demonstrate that other sperm characteristics (morphology and motility) were not related to the occurrence of polyploidy. Van der Ven et al. (1982) found that polyspermic fertilization predominantly occurred in immature oocytes. In contrast, Rudak et al. (1984) and Golan et al. (1992) demonstrated that polyspermy occurred in mature rather than in immature oocytes. Our results are in agreement with the latter findings.
The observation of a positive relationship between the rate of polyspermy and fertilization rate agrees with several recent reports (Englert et aL, 1986; Dandekar et al., 1990; Golan et aL, 1992) . Although polyploidy reduces the number of embryos for transfer, we have demonstrated by means of logistic regression, that polypronuclear fertilization can be used as a good predictor of pregnancy outcome, as was originally suggested by Golan et al. (1992) .
Sperm characteristics have a significant influence on the success of fertilization in vitro (reviewed by Liu and Baker, 1992) . In this study we found a significant inverse correlation between sperm concentration and fertilization rate. This observation has been reported previously (Mahadevan and Trounson, 1984; Wolf et aL, 1984; Younglai and Daya, 1991) . In our rVF-embryo transfer programme, higher sperm concentrations were used because of their lower progressive motility rate or percentage of normal morphology, or because of previously failed fertilization. The present results suggest that increasing the sperm concentration in the insemination medium does not compensate for the low percentages of normal sperm morphology and motility.
It has been postulated that immaturity of oocytes may be the dominant factor in failure of fertilization in vitro (Veeck, 1988) . We did not observe any significant difference in oocyte grading between cycles with or without fertilization. However, mature oocytes had significantly better fertilization rates while more immature oocytes were present in the group with lower fertilization rates.
The correlation between female age and failed fertilization may be due to loss of competence since the incidence of chromosome abnormalities is higher in oocytes recovered from stimulated cycles of older women (Plachot et al., 1988) . Moreover, it has been recently shown that the proportion of diploid oocytes in human oocytes which failed to fertilize in vitro increased significantly with advancing maternal age (Roberts and O'Neill, 1995) .
A high number of retrieved oocytes has been suggested to be associated with decreased oocyte quality (Olivennes et al., 1993) . Toner et al. (1991) reported that there was a small negative impact of oocyte number on fertilization/pregnancy rate. Our results showed a significant positive correlation between the number of oocytes retrieved and fertilization. A higher rate of completely failed fertilization occurred in cycles in which one to five oocytes were retrieved. The reasons for this difference are not known, but these results are in keeping with those reported by Toner et al. (1991) .
Although it was proposed that varying the follicular stimulation protocol and follicular growth rate may affect the quality of oocytes (Olivennes et al., 1993) , in this study these two factors did not seem to have any effect on either polyploidy or complete failed fertilization.
In summary, the majority of polyploidy in our IVF-embryo transfer programme occurred in mature oocytes, while sperm characteristics in the insemination medium did not contribute. The positive relationship between polyspenny and fertilization and pregnancy rate suggests that the occurrence of polyploidy can be used as a positive predictor of pregnancy. For completely failed fertilization, it seems that both sperm and oocyte defects must be present It may be possible to use some of these factors to identify which patient will have a successful IVF treatment cycle. Van Der Ven, H.H., Al-Hasani, S., Diedrick, K. el aL, (1982) Received on October 9, 1995; accepted on January 10, 1996 
